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 Maps of Ocean Currents & Waves  

 Drift Prediction for  

Search-and-Rescue Applications and Pollution Tracking 

 Tsunami Detection 

 Over-the-Horizon Ship Tracking  

OTH Radar for Multi-Purpose Applications 



Motivation to use the OTH Radar  

for Ship Tracking 

 Protection of the Exclusive Economic Zone  

 

 Help to prevent illegal fishing  

 

 Identify suspicious activities, e.g. smuggling 

 

 Dual use function allows the parallel operation of all 

conventional oceanographic applications  
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The System based on a concept developed at the University of 

Hamburg in 1995 by Klaus-Werner Gurgel 

Date Development step Published 

1995 First experiments with new low noise radar concept Yes 

1999 First industrialized WERA systems Yes 

2004 
First ship detection experiments with WERA by 

University of Hamburg 
Yes 

2006 
Raytheon uses WERA at Germany Bight for ship 

tracking tests 
Classified 

2007 

Start of Ship detection and tracking software 

development at HELZEL in co-operation with EADS and 

University of Hamburg and TU Hamburg-Harburg 

Yes 

    WERA-SDT History 



WERA was used already in the early 2000’s for  

ship tracking experiments, resulting in a large number  

of validation studies from various groups  

    WERA-SDT History 

Date Development step Published 

2008 
French researchers are using WERA for ship detection 

evaluations  
Yes 

2009 
NATO Research center (NURC) starts evaluation with 

WERA and develops multi sensor tracker 
Yes 

2010 
WERA / OTHR is registered as Dual-use instrument at 

German Export Control Authority (BAFA)   
Yes 

2011 
First OEM contract with another radar manufacturer to 

use the OTHR radar core for their product. 
No 

2011 First export of OTHR system  No 



WERA is the OTHR system with dual-use classification  

with the highest number of deployments world-wide   

    WERA-SDT History 

Date Development step Published 

2011 
NATO Research (CMRE) started WERA ship tracking 

evaluation in German Bight (on-going) 
Yes 

2013-

2014 

Ship detection and tracking experiments with  

5.3 MHz WERA in the polar region by the Norwegian 

Navy (FFI) 

Classified 

2016 Three OTHR systems operational  Classified 
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OTH HF Radar System 

Information update 

about 2 times/minute 
Online Data 

Simultaneous  

multi-purpose 

spectrum analysis 
Signal Processing 

 Ship detection and tracking 

Surveillance 
Coastal 

Oceanography 

 Sea surface currents 

 Wave heights and spectra 

 Wind direction 

 Tsunami monitoring 

    Processing Structure 



Transmit antenna system 

 Transmit power 40 W (100 WERIP) 

 Range up to 250 km 

 Operating frequency 8 MHz 

 Bandwidth 100 kHz / Range cell 1.5 km 

 Linear FMCW waveform 

Receive antenna array 

 16 antenna elements 

 Linear array of 262-m length 

Experiment by EADS and University of Hamburg 
and Techical University of Hamburg-Harburg 

WERA Site at Figuera da Foz, Portugal 

    Ship Tracking Experiment 2006  



Ships 

HF Radar Spectrum 

Second-order 
ocean surface 

backscatter 

First-order 
ocean surface 

backscatter 
(Bragg scattering) 



Ship Tracking by HF Radar, Portugal  

+  AIS position 

o  Detected 

     position 

--- Track 

Published by A. Dzvonkovskaya, K.-W. Gurgel, H. Rohling, T.Schlick, “Low power high 
frequency surface wave radar application for ship detection and tracking”, Proceedings 
of the International Conference RADAR-2008, Adelaide, Australia, 2008, pp.654-659. 



Ship Tracking Experiment  

at Helgoland Island, Germany (2009) 

12-MHz HF Radar System  

Data Fusion into Coastal Surveillance System by 



HF Radar 

X-Radar 

AIS 

HF Radar 

By courtesy of Atlas Elektronik GmbH, Germany  

HF Radar System at Helgoland Island  

Data Fusion into Coastal Surveillance System 



Two 12-MHz HF Radar Sites in Italy 

Multi-radar fusion*  

carried out by 

NATO (NURC) 

*Classified 



WERA Systems at the German Bight 

Systems are 

operated by 

Helmholtz 

Institute 

Geesthacht 



Fused Ship Tracks from  
WERA Detections and AIS Positions  

By courtesy of J. Horstmann, Helmholtz-Zentrum Geesthacht, Germany  
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Specific HELZEL OTHR Features 

 Linear frequency-modulated continuous waveform 

 Multi-Frequency Systems 

 Frequency hopping 

 MIMO Techniques  

 Multi-Static Techniques 

 ECM detection and location 

 Multi-Sensor Tracker 

 Suspicious Target Identification   



Range-Frequency Dependency  



Limitation to Detect Small Targets 

Generally a vertical metallic structure is required to 

detect a target with a vertical polarized  HF radar.  

The height of the vertical structure should be > ¼ of 

the radar wavelength to get a good radar echo. 

 The sensitivity to detect smaller targets improves 

with increasing operating frequency. 

 Targets without any vertical metallic structure 

can’t be detected, e.g. rubber or wooden boats.  



Effects of Radar Bandwidth 

The radar bandwidth defines the range resolution. 

More bandwidth results in smaller radar cells. 

 Narrow bandwidth results in coarse resolution 

(nearby targets are hard to be resolved as separate 

objects) 

 Narrow bandwidth increases background noise, 

resulting in reduced sensitivity and range. 

 Use 100 kHz bandwidth or more for ship tracking 



Effects of Radar Bandwidth 

Range Doppler Spectrum  

at 25 kHz bandwidth 

Range Doppler Spectrum  

at 50 kHz bandwidth 



Effects of Radar Bandwidth 

Ship tracks 

at 25 kHz bandwidth 

Ship tracks 

at 150 kHz bandwidth 

Ship tracks 

at 50 kHz bandwidth 



Effects of Array Length 

The receive antenna array length defines the beam-

width. A sharper beam results in smaller radar cells. 

 Short arrays results in coarse azimuthal resolution 

(nearby targets are hard to be resolved as 

separate objects) 

 Short arrays increases background noise, resulting 

in reduced sensitivity and range. 

 Use 12 or more Rx antennas for ship tracking 



Effects of Array Length 

16 Antennas 

at 150 kHz bandwidth 

4 Antennas 

at 150 kHz bandwidth 



Transmit Antenna & Power 

Very effective transmit antenna system is most 

important to get best range performance.  

For a monostatic FMcw radar a transmit power of 

about 1000 WattERIP is the optimum to get longest 

ranges, e.g. 200 NM @ 4 MHz.  

 Use ¼ Lambda long monopoles for Tx 

 Place the antennas as close as possible to the 

water front or edge of a cliff  



Example of 6.8 MHz Transmit Antennas 
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Ship Tracking Related  

Research Topics for WERA Users 

As most of the OTHR data interfaces are compatible 

with WERA, ship tracking experiments can be carried 

out with existing WERA systems: 

• Range dependency to sea state and weather 

conditions for various ship sizes. 

• Develop methods to use the oceanographic data to 

enhance the ship detection performance. 



Ship Tracking Related  

Research Topics for WERA Users 

• Use WERA for Iceberg detection and provide a drift 

prediction based on measured ocean currents. 

• Effects of radar bandwidth on the range and the 

spatial resolution (separation of near by targets). 

• Effects of beam width on range and spatial 

resolution. Dependency of steering angle and 

effects of curved arrays. 



Ship Tracking Related  

Research Topics for WERA Users 

The HELZEL team would support your group by 

providing:  

• Some up-grade (if required) of an existing WERA 

system  

• Providing on-site ship detection and tracking 

software on a separate server, or supporting your 

team with off-line processing. 

• Providing AIS receiver with interface for WERA  



Ship Tracking Related  

Research Topics for WERA Users 

Please note that any kind of ship detection and 

tracking experiment with WERA will never result in the 

performance of the HELZEL OTHR system. WERA 

experiments are feasibility studies only.   

Please note that all support regarding ship detection 

and tracking projects, except external off-line 

processing, requires an export permission of the 

German authorities.  
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Conclusions 

 The new HELZEL OTHR System offers ship 

tracking with a performance close to those of 

military grade systems with the advantage of 

real dual use options. 

  
 These dual use options makes it attractive for HF 

radar users to apply for research funds because 

these aspects were barely investigated by 

military researches, so far.  
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